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The bacterial flora in the human colon, although extremely diverse, has a relatively stable composition and non-infectious anaerobic bacteria are dominant. The flora forms a pool of numerous different antigens separated from mucosal immunocompetent cells by just a single layer of epithelial cells. Despite this thin barrier, however, the colonic mucosa is physiologically only mildly inflamed. This study looked at the mucosal humoral immune response against faecal anaerobes. By flow cytometric analysis the in vivo immunoglobulin coating of anaerobic bacteria in faecal samples of to the epithelial cells. From the mucus layer they may continuously seed into the colonic luminal contents where they continue to multiply and form the luminal (faecal) flora. In the colon the mucosal immune system consists of many lymphocytes, phagocytes, and predominantly IgA secreting plasma cells. These immunocompetent cells are separated from large amounts of different antigens present in the mucus layer and the colonic lumen by just a single layer of epithelial cells. The colonic mucosa is only mildly inflamed, however, despite continuous translocation of (bacterial) antigens through this epithelial barrier.4 A better understanding of the mechanisms that are responsible for the prevention of mucosal inflammation might give a clue for the pathogenesis of inflammatory bowel disease.
Two mechanisms may be important: (a) mucosal unresponsiveness to antigens of anaerobic bacteria -that is, absence of a mucosal immune response1-3 5-8 and, (b) prevention of inflammation by the secretion of specific non-complement binding secretory IgA (sIgA).9 Extremely little is known about the interaction between the anaerobic colonic flora and the mucosal immune system.'0 This is due to both the difficulties associated with culturing anaerobic bacteria and the absence of sensitive methods to analyse this interaction. Recently we developed a flow cytometric method with which low levels of immunoglobulin (Ig) coating (hundreds of molecules) on anaerobic bacteria in faecal suspensions can be determined with great accuracy. 1 20 pA PI (100 mg/l), stored on ice in the dark, and analysed within two hours.
Mucus flocks
All faecal samples were found to contain a number of small mucus flocks, which were densely packed with bacteria believed to represent the flora of the mucus layer (mucus flora). To analyse these flocks, three slides were prepared of each faecal suspension and sample preparation was essentially analogous to the procedure used for flow cytometry."113 Briefly, half a gram of faeces of each sample was suspended in 4.5 ml bacteria free PBS and homogenised on a Vortex mixer. The faecal suspensions were diluted to 2% in demineralised water with 0.5% TWEEN 80 (v/v) (Merck) and 10 pA was pipetted into a well of three different degreased 12 all bacteria in a sample 24-74% (median 45%) were labelled with FITC anti-IgA (Fig 2A) . Because match region subtraction is an artificial method that can over as well as underestimate the real percentage of coated bacteria, we also performed conventional simple threshold analysis with the threshold set at a FITCfluorescence level at which only 0-2% of the unstained bacteria were positive (2100 MESF). By this method 13A4% (4-30%) of all bacteria were coated with IgA (Fig 2B) .
The fluorescence distribution in most samples was characterised by a majority of bacteria with low and intermediate specific fluorescence intensities and only a tail of strongly fluorescent bacteria (Fig 1) . The mean fluorescence intensity of the most strongly labelled bacteria (top 1% of all bacteria) present in each sample was 25X104 MESF. Although the size of bacteria could determine their IgA coating intensity, there was no clear correlation between bacterial size (FSCII) and their labelling with FITC antiIgA (Fig 3A) . In fact, most of the strongly IgA coated bacteria had low FSC. In about half of the samples these bacteria formed a small (<3%) distinct population in a FSC-fluorescence plot (Fig 4) .
In vivo coating with IgG or IgM
The in vivo coating of faecal anaerobic bacteria with IgG and IgM was also determined by flow cytometry. Fig 2A shows that the median percentage of bacteria labelled with FITC anti-IgG as analysed with match region subtraction was 25% (range 12-39). The labelled bacteria had a mean specific fluorescence of 700 MESF (range 500-1100). With threshold analysis, 3.5% (range 1.5-8. 1) of the bacteria were labelled (Fig 2B) . The fluorescence distribution of most samples was characterised by comparatively low specific fluorescence intensities in the great majority of bacteria while strongly fluorescent bacteria were absent. There was no relation between bacterial size (FSC) and labelling with FITC anti-IgG (Fig 3B) . In FSC-fluorescence plots, no distinct populations of strongly IgG coated bacteria were seen.
The median percentage of bacteria labelled with FITC anti-IgM was 1 1O% (Fig 2A, IgA coated bacteria in smallfaecal mucusflocks (mucus flora) The composition of the mucus flora as well as that the flocks were present in a concentration of about 107 flocks/gram of faeces. All flocks stained with alcian blue showing that they contain intestinal mucus.
We wondered whether the bacterial population present within mucus flocks (mucus flora) is comparable to the population present as bacteria (and small agglutinates) scattered around the flocks (lumen flora). Therefore, we analysed both populations by phase contrast microscopy (Fig 5) . The flocks contained a heterogeneous bacterial population that morphologically resembled the population present as separate bacteria. Furthermore, visual evaluation by fluorescence microscopy of samples stained with polyclonal FITC F(ab')2 anti-Hu-IgA was performed. Because the eye, compared with flow cytometry, is not very sensitive for light, only strongly fluorescent bacteria could be detected. Flocks in all 22 samples contained bacteria with perceptible fluorescence, however, most bacteria had no visible fluorescence. The most strongly fluorescent bacteria within flocks had comparable morphology to those present as strongly fluorescent separate bacteria in the corresponding suspensions (Fig 5) . This suggests that the bacterial population present in mucus flocks (mucus flora) is similar to the bacterial population present as separate bacteria in faecal suspensions (lumen flora). As continuously present within the mucosa and presented to the mucosal immune system. The most important effector system of the specific mucosal immune system is sIgA. Large amounts of sIgA (2-5 g/day), almost entirely produced by the mucosal immune system, are secreted into the lumen of the digestive tract. '6 Rough estimates show that there are about 107 sIgA molecules (specific as well as non-specific) available per faecal bacterium. Nevertheless, despite this enormous amount of IgA, in vivo many bacteria are apparently not measurably coated with IgA.
Theoretically, the absence of IgA coating on many bacteria may be due to faecal proteases within the intestinal fluid, which may cleave Ig molecules into a Fc portion and a F(ab')2 fragment. However, faeces contain only very little proteolytic activity.17 Furthermore, our polyclonal FITC-anti-Hu IgA contains specificity for the F(ab')2 portion of IgA and therefore FITC-labelling would not be influenced by this proteolytic activity. Indeed, a considerable number of bacteria were coated with IgA. Thus, faecal proteolytic cleavage of sIgA present on faecal bacteria also cannot explain the absence of IgA on many of these bacteria.
A second potential bias is the possible difference between the mucus flora and the flora analysed (faecal flora). In this study, however, we could not detect important differences in composition and IgA coating between both bacterial populations.
Although even a few hundred Ig molecules can be detected with the flow cytometry method, the presence of smaller numbers of Ig molecules on bacteria cannot be excluded. ' We conclude that a comparatively large proportion of anaerobic faecal bacteria are not in vivo coated with IgA and a somewhat smaller proportion are not coated with Ig at all. This may be largely due to acquired mucosal immunological unresponsiveness. A substantial proportion of anaerobic faecal bacteria, however, are coated with IgA and less with IgG or IgM. As the colonic flora have nevertheless a stable composition and the colonic mucosa is normally only mildly inflamed, this Ig coating cannot be harmful, either to these bacteria or to their host. It is important to realise that most anaerobic bacteria are beneficial to the host29 and therefore, killing or rejection of commensal bacteria may not be the goal of the mucosal immune system. 
